ABSTRACT
nearest wreck influenced community composition (beta diversity). Alpha and beta diversity on 23 the shipwrecks were thus influenced by different abiotic factors. We found no evidence of either 24 nested patterns or non-random co-occurrence of morphotypes, suggesting that the taxa on a given 25 shipwreck were randomly selected from the available taxon pool. Species present on the 26 shipwrecks generally had one of two reproductive modes: most motile or solitary sessile species 27 had long-duration planktotrophic larvae, while most encrusting or colonial sessile species had 28 short-duration lecithotrophic larvae and underwent asexual reproduction by budding as adults.
29
Short-duration larvae may recruit to their natal shipwreck, allowing them to build up dense 30 populations and dominate the wreck surfaces. A high degree of dominance was indeed observed 31 on the wrecks, with up to 80% of the fauna being accounted for by the most common species 32 alone. By comparing the shipwreck communities to known patterns of succession in shallow 33 water, we hypothesize that the shipwrecks are in a stage of mid-succession.
INTRODUCTION

40
There are an estimated three million shipwrecks worldwide, only a small fraction of distance from the wreck) were considered eligible for analysis. The few frame grabs for which 125 the lasers were switched on were used to calculate the average size of analyzable frame grabs of 126 the shipwreck surface (mean = 1.45, SE = 0.13 m 2 , n = 29). Thirty eligible frame grabs were then 127 randomly sub-selected from each wreck and analyzed as described below. Voucher specimens of 128 the most common species were collected using the ROV's manipulator arm.
129
In order to estimate the percent cover of sessile invertebrates, two hundred random points among wrecks) and a multi-dimensional scaling plot (MDS, to visualize these differences).
wreck, given the complex nature of the wreck surfaces. Therefore, relative surface area was 161 found by multiplying the total length of the wreck, its height (maximum altitude above the 162 seafloor of the wreck's highest point), and its average surface complexity (surface complexity 163 was calculated for each frame grab as described above).
164
We used a DISTLM procedure in the PERMANOVA+ add-on to Primer (Anderson et al. of habitat heterogeneity), and distance to the nearest wreck (hypothesis 3).
173
We tested for nested patterns of the fauna (hypothesis 4) in the program Nestedness 
RESULTS
180
A total of 34 invertebrate morphotypes were observed on the eight shipwrecks. Of these accounted for by the two most dominant taxa (Fig. 3) . The other four wrecks (W2, W3, W4, and 187 W6) had more even communities, with only 20-40% of the fauna being accounted for by the 188 most dominant taxon (Fig. 3) .
189
Analysis of similarity (ANOSIM) revealed significant differences among the invertebrate 190 communities on the eight shipwrecks (Global R = 0.612, p = 0.001). These differences are shown
191
graphically in an MDS plot (Fig. 4 ). An analysis of the sessile species also showed significant interval ranges generated by the null model (27-33 and 40-58, respectively) . In addition, the data 218 showed no evidence of non-random co-occurrence patterns (hypothesis 5, p = 0.07), indicating 219 that taxa were randomly distributed among the shipwrecks. did not appear to be selected from the available taxon pool according to any "assembly rule"
268
(used here in the general sense following Belyea & Lancaster (1999) ). Rather, the taxa inhabiting 269 a particular wreck seemed to be selected randomly from the available taxon pool. This result is in 270 line with the "island model" for larval dispersal among isolated marine habitats. It must therefore 271 be considered that the "island" and "stepping-stone"/"isolation-by-distance" models are not 272 mutually exclusive -larvae may settle randomly on shipwrecks initially, but then subsequent dispersal among close wrecks can cause their communities to become increasingly similar. Brazil was covered in sponges and corals, resembling a natural reef (Lira et al. 2010 ).
346
Our data constitute a single time-point, so we are not able to observe the process of 347 succession on the shipwrecks. However, we can compare our data to studies of succession at 
354
We speculate based on the fauna present that the shipwrecks are in the second serpulid polychaete were present on 2 and 6 wrecks, respectively but were never dominant; these 358 fauna may be the last remnants of the early-succession (typically calcareous) fauna. Three soft 359 coral colonies were also observed on W2, in frame grabs not randomly sub-selected for analysis; 360 this slow-growing taxon could be the first of the late-succession colonists.
361
It is possible that the present shipwrecks' isolated location makes it less likely that short-362 duration larvae will reach the wrecks. Short-duration larvae are typical of "late-succession" 363 species, so their absence may cause succession to proceed slowly (Meyer 2016 Table 3 . Reproductive strategies of the shipwreck fauna. PLD, pelagic larval duration 
